. In 2008, patients were older and of a poorer functional class. Overall mortality was unchanged but adjusting for age and performance status, inpatient mortality (P = 0.05) and 90-day mortality (P = 0.001) were both reduced in 2008. More patients were discharged under a respiratory specialist (P < 0.01), treated with non-invasive ventilation if acidotic (P < 0.001) and accepted onto early discharge schemes (P < 0.01) while median length of stay fell from 6 to 5 days (P < 0.001). Within these mean data, however, there remains considerable inter-unit variation in organization, resources and outcomes. Conclusions: Overall improvements in resources and organization are accompanied by reduced mortality, shorter admissions and greater access to specialist services. There remains, however, considerable variation in the quality of secondary care provided between units.
Background
Chronic Obstructive Pulmonary Disease (COPD) is a condition that carries a high morbidity and mortality for sufferers and places a large burden on the acute care services of the NHS. 1, 2 The 2003 UK COPD audit demonstrated significant variability between units in process of care and outcomes. 3, 4 Since this audit, data for individual participants in the 2003 audit was reported back to individual units, benchmarked against national and regional performance and new UK management guidelines have been published by the National Institute for Clinical Excellence (NICE). 5 In 2008, the National COPD Audit was repeated providing a range of data gathered from UK hospitals including most that participated in the 2003 round. This article compares the standards of care in the 2008 audit with that of 2003 with particular reference to the resources available, the organization of care and the clinical care of patients admitted with exacerbations of COPD.
Methods
A UK wide audit of the secondary care of patients admitted to hospital with COPD exacerbations was conducted in both 2003 and 2008. All acute NHS Trusts where patients were admitted with a primary diagnosis of COPD were invited to participate on a voluntary basis. Hospital Trusts were asked to participate as an operational unit and subsequent results refer to these as 'units'. A unit was defined as an operational grouping that functioned as a single respiratory team responsible for the care of COPD patients, meaning that a single NHS Trust might participate either as a single unit or as more than one unit where more than one acute admitting sites were located within a Trust.
Units were asked to collect two separate data sets. The first was a single cross-sectional survey of the resources and organization of COPD care in that unit. The specific data items included some that were common to both audits and others that were asked either just for the 2003 or for the 2008 audit that reflected new or changed standards over this time period. The analysis presented here refers only to items common to both audits.
The second data set was a record of clinical care of consecutive admissions prospectively identified but audited retrospectively at 90 days after the index admission. In the 2003 audit, units were asked to collect data on up to 40 admissions, but in 2008 this number was increased to 60 cases to provide more meaningful data for individual units. Patients were eligible for the clinical case audit if they had a clinically made diagnosis of COPD confirmed on the post-take ward round. To improve accurate diagnosis of COPD exacerbation, the lead clinician at each unit was encouraged to review the medical notes of audit patients to check for any evidence of misdiagnosis (i.e. diagnosis appeared to be COPD on admission but later deemed incorrect). These patients were excluded, as were patients whose diagnosis was changed to exacerbation of COPD from another presenting condition and no substitute cases were used. For patients having more than one admission within the data collection period, only the index admission was included in the analysis.
For the National COPD Audit 2008, an admission was defined as 'an episode in which a patient with an acute COPD exacerbation was admitted to a ward and stayed in hospital for 4 hours or more prior to discharge or acceptance to an early discharge scheme'. This includes Emergency Medicine Centres/Medical Admission Units or similar but excludes Accident and Emergency Units. In 2003, the definition was of a stay in hospital of 12 h or more or acceptance onto an early discharge scheme (EDS). The difference in definitions reflected the change in the NHS standards for wait times in accident and emergency departments before a patient should be admitted or discharged.
In the 2008 audit, data were entered into a webbased data collection tool by local staff and overseen by a Respiratory Consultant within each unit. In-built logical checks and prompts helped enhance data quality and completeness. In 2003, the data tool was designed around a Microsoft Access database sent to units as a CD Rom and then returned as either an email file or as a CD copy. 'Help-notes' were provided in both paper and electronic forms. This article compares results from the 2008 and 2003 audits. Only units participating in both audits were analysed so as to make time trend analyses relevant. Some units were lost from analysis because of changes either in unit re-configuration due to Trust-level re-organization or changes in how a Trust wished to participate as a 'unit' within the audit. Missing data are reflected in this article by variations in denominators. Results are presented at patient level and at unit level, with unit-level results being compared between audits using paired tests (Wilcoxon, McNemar), the pairing reflecting unit participation in both audits. The main outcome measures were length of stay, death and readmission rates within 90 days of the index audit admission, with death further analysed as death in hospital, and death within 90 days of the index admission. Length of stay statistics excluded patients who had died within the index admission period. Attempts were made to assess correlation between changes in organization, processes of care and outcomes over the course of the two audits. For numerical data, Spearman's correlation was sought and for categorical data, the Kruskal-Wallis test was applied. Both linear regression and median regression methods were used in unit-level analyses to assess changes in mortality between rounds after adjusting for changes in mean age and for changes in the percentage of patients with more severe levels of performance status.
This study was approved by the joint University College London/University College London Hospital Committees on the Ethics of Human Research. There were key differences in the demographics of the patient groups in the two audits (Table 1) . COPD patients in the later audit were older, with 12% aged 85 years or more compared with 7% in 2003. Performance status (PS) was significantly more impaired and patients were more hypoxic on admission. Other admission measurements that reflect illness severity such as serum albumin and blood urea were similar for patients in the two audits, as was admission spirometry with a median . At a unit level, there was a positive correlation between a change in mean age and inpatient mortality (Spearman r = 0.23, P = 0.001) and 90-day mortality (r = 0.24, P = 0.001). There was also an association between change in percentage of patients with a PS of 4-5 and change in median inpatient mortality (r = 0.21, P = 0.003) and 90-day mortality (r = 0.24, P = 0.001). There was no evidence of a reduction in inpatient mortality per se between rounds (Table 2 ). However, a linear regression model of unit level data adjusting for both the change in mean age and change in the percentage number of patients with a PS of 4-5 revealed a decrease in median inpatient mortality between audits of 1.1% (95% confidence interval 0.01-2.2%, P = 0.05). A similar adjusted analysis of 90-day mortality revealed a decrease in mortality of 3.1% (1.3-4.9%, P = 0.001). Adjusted analyses were also done using median regression (STATA 'qreg') that gave similar estimates, a decrease of 0.7% (P = 0.24) in median inpatient mortality and 2.9% (P = 0.02) in median 90-day mortality.
Results

Organizational
Median length of stay fell by 1 day (P < 0.001) in 2008 and there was an increase from 25% to 33% of the proportion of patients staying 3 days or less (Table 2 ). Median readmission rates, however, increased slightly from 32% to 35% (NS), with the median (IQR) time from admission to readmission falling from 42 (22-66) days in 2003 to 38 (20-66) days in 2008. There was no correlation between age or performance status with readmission rates or LOS and so no adjusted regression analyses were performed. Acceptance onto an EDS of some form was up from 15% to 19%. A weak but significant correlation (Spearman r = À0.23, n = 191, P < 0.001) linked units increasing their percentage of patients in EDS to lower hospital median lengths of stay. The percentage of patients discharged by a respiratory consultant improved from 48% to 53% (P = 0.01) and the percentage seen by a respiratory specialist at some time during admission went up from 73% to 80% (P < 0.001). Table 2 also indicates improvements in regard to documentation in patient notes of respiratory rate and in commenting on chest radiographs.
There have been changes in specialty staffing available to meet the needs of COPD patients ( Table 3 ). The median number of respiratory consultants per unit increased from 2.0 to 3.0 (P < 0.001) and the percentage of units with specialist respiratory wards increased from 67% to 85% (P < 0.001). However, 30% (58/191) of these units reported current staffing vacancies in the 2008 audit and many units still fall below the staffing levels recommended by The Royal College of Physicians (2008). 6 Despite a considerable rise in the use of specialty triage, almost half (46%) of these units still did not operate this in 2008. Patients gained greater access to specialist nurses (from 74% to 96% of units, P < 0.001) and had greater access to an EDS (47-64%, P < 0.001). More patients with acidotic respiratory failure were treated with non-invasive ventilation (NIV) ( Table 2 ) although access to an intensive care unit (ICU) and mechanical ventilation appears to have become more difficult ( Median (IQR). CXR, chest X-ray; ABG, arterial blood gas.
( Table 2 ) reflecting a mix of unit and sampling variation.
Discussion
This comparative study of the 2003 and 2008 UK COPD Audit data has demonstrated considerable improvement in resources, organization and delivery of acute COPD care across the UK with greater accessibility to COPD-specific services. In absolute terms, there has been little change between 2003 and 2008 in many of the patient outcomes such as inpatient and 90-day mortality. However, there is clear evidence that in 2008 the average UK patient with COPD admitted to hospital with an exacerbation was older, more hypoxic and of a poorer functional class than admitted patients in 2003 (Table 1) . We can only hypothesize that this apparent improvement in pre-hospital survival is a result of better long-term condition care but it has great significance to the current data. Both age and in particular PS are important predictors of poorer outcomes 7 and when adjusting for these factors, there was in 2008, a statistically significant reduction in 90-day mortality and a clear trend to reduction in inpatient mortality.
There are several areas where resources and organization of care have improved over the 5-year period between the audits. The number of respiratory physicians per unit increased between audits as did the number of consultants expressed per 1000 emergency COPD admission (both P < 0.001). During this period, the percentages of patients discharged under the care of a respiratory specialist or seen by a respiratory nurse or a respiratory specialist during the admission have all increased. The 2003 audit demonstrated that patients under the care of a respiratory physician were more likely to receive or access specialist respiratory services 7, 8 and these are known to have implications on the quality of patient care. 9 Such specialty-based improvements in care are observed in the 2008 data where entry to an EDS increased from 15% to 19% (P = 0.01) and treatment with NIV for patients in type II acidotic failure increased by 13% (P = 0.002), both interventions recommended by NICE. 5 The increased uptake of EDS has almost certainly played a part in the significantly decreased median length of stay and has contributed to the number of patients being rapidly discharged in under 48 h. It has also previously been shown that patients who are appropriately selected for EDS have similar outcomes to those that have longer in-patient stays with similar readmission rates 10 and that reduction in hospital admissions positively impact upon such patients' quality of life.
11 Such evidence, combined with that from 'real life audit', can be used by respiratory teams to support a business case for this service where currently it is not provided. Pulmonary rehabilitation programmes are also more widely used now and are available in some form at 90% of units compared with 64% in 2003. However, only 59% of units were able to provide access to all eligible patients as suggested by NICE 5 with many of the others providing a more sporadic service. A decrease in current smoking habit recorded may be partly related to a change in definition of an ex-smoker, from having stopped at least 3 months before admission (2003) to having stopped before admission (2008) .
Increased consultant numbers are also associated with prompter senior emergency review. In 2003, 39% of patients were waiting up to 24 h post-admission to be seen by a consultant, this has reduced to 20%, with a significant increase from 61% to 80% (p < 0.001) in the number of units where consultants undertake two post-take ward rounds in 24 h. It is worth noting that where best medical practise is to adopt this standard, 20% of units fail to do so. This and other standards are still variably met across units and there remain unacceptable variations in organization and delivery of care between units. The IQR for patients discharged under a respiratory consultant varied from 37% to 69% in 2008 and acceptance onto an EDS between 0% and 29%. While sample size for an individual unit may account for variations in outcome, this is less an argument for adequate process of care where compliance should be 100% yet, for example, the IQR for documentation of smoking history is 36-69% and recording of spirometry 42-70%.
The theme of improvement but variability is demonstrated in other areas where there has been a genuine improvement in specialist service. For example, the provision of specialist respiratory wards has increased from 67% in 2003 to 85% in 2008 and specialty triage has risen from 34% to 54%. Simply increasing the respiratory resource is insufficient to produce meaningful improvements in the absence of a whole systems revision of acute care pathways. The promotion of stroke units for stroke patients has undoubtedly improved outcomes 12 and has changed clinical practice considerably in recent years. There must fall some responsibility on the respiratory community to argue the case for COPD patients to be triaged to receive care in specialty wards by specialists in hospitals where this does not already occur. There is evidence from within the audit that some potentially lifesaving interventions such as NIV are not applied to the standards recommended in national guidelines or are withheld from some patients who might potentially benefit from the treatment. 13 We recognize certain limitations to this study that are acknowledged here. There were some differences in the units included in the two audits. Some merged during this time of NHS reorganization and a small number contributing in 2003 did not do so in 2008. More units overall participated in 2008 than in 2003. We have therefore only included units which participated in both rounds and it is possible that this has excluded some of the less well performing units that participated only once, were subsequently merged, or lost their acute status-though a comparative analysis of outcomes did not suggest the presence of selection bias. Units were asked to collect information from consecutive admissions but given the numbers of units involved, it is impossible to ascertain that all units were able to supply a fully consecutive sample. The assessment of PS is a subjective one relying on collateral history, clinical notes, nursing records as well as the patient's own description. However, PS is validated by the correlation with age of the patients and its strong predictive value for all outcomes in these audits. It is challenging to prove causality between advances in processes and resources and clinical outcomes as these are likely to have been multifactorial. We looked for any relationships between organization and outcome and only found weak associations. This is likely to reflect the extremely complex interactions that occur in the relationships between service changes and clinical outcomes. Changes to one part of a complex system are unlikely to produce a defined specific difference in outcome that depends upon a series of additional structures and events. There are other technical limitations of any case note audit that we also acknowledge. Notwithstanding, this is the most comprehensive comparative audit cycle of UK COPD secondary care ever reported comprising over 14 000 COPD admissions and provides as true to life a picture of actual clinical practice that is possible within the limitations of the constantly changing environment of health service reorganization.
We conclude that there have been many positive developments in resourcing and organization of COPD care over the period between the two audits that are to be welcomed. At the same time, there are significant improvements in the process of care and some reduction in mortality and length of stay although the admitted patients are now older and have a worse PS than their counterparts in 2003. The continued concern however is the extent of the variation that exists between units of organization and resources with resultant variations in care for patients. These data provide the justification for the introduction of a truly national service strategy for COPD with quality indicators and metrics that should underpin the delivery of high-quality services throughout the NHS.
